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BASIN-WIDE EVALUATION OF THE UPPERMOST
GREEN RIVER FORMATION’S OIL-SHALE RESOURCE,
UINTA BASIN, UTAH AND COLORADO

by

Michael D. Vanden Berg

ABSTRACT

Due to the recent increase in crude oil prices and con-
cerns over diminishing conventional reserves, the Utah Geo-
logical Survey has reexamined the Uinta Basin’s oil-shale
resource, primarily in the Mahogany zone of the Green River
Formation. Past assessments, the first conducted in 1964 and
subsequent studies continuing through the early 1980s, con-
centrated on the Eocene Green River Formation’s Mahogany
zone in the southeastern part of the Uinta Basin, and were
limited in the amount of drill hole data available at the time.
We have broadened the investigation to include the entire
Uinta Basin, taking advantage of the hundreds of geophysi-
cal logs from oil and gas wells drilled over the last two
decades. We created conversion equations by correlating
available Fischer assays with corresponding density and
sonic measurements as a way to predict oil yield from geo-
physical logs. In addition to the core-based Fischer assays
obtained from 107 wells drilled specifically for oil shale, 186
oil and gas wells with oil yields calculated from digitized
bulk density or sonic logs were used to create a basin-wide
picture of the oil-shale resource in the Uinta Basin. These
widespread data were used to map oil-shale thickness and
richness and create isopach maps delineating oil yields of 15,
25, 35, and 50 gallons of shale oil per ton (GPT) of rock.
Thicknesses were centered around the extremely rich
Mahogany bed of the Mahogany zone (R-7) within the Para-
chute Creek Member of the Green River Formation. From
these isopach maps, new basin-wide resource numbers were
calculated for each richness grade. In addition, oil-shale
resource numbers were adjusted according to different sets of
constraints, including resources less than 3000 feet deep,
resources located on specific landownership categories, and
resources associated with conventional oil and gas fields.

The thickest and richest oil-shale zones are located in
central Uintah County in T.8 S.to T. 12 S.and R. 20 E. to R.
25 E., Salt Lake Base Line and Meridian. Overburden in
these areas ranges from zero at the outcrop in the east, to
almost 4000 feet farther to the northwest. A continuous inter-
val of oil shale averaging 50 GPT contains an in-place oil
resource of 31 billion barrels in a zone ranging up to 20 feet
thick. Where the 50 GPT interval is at least 5 feet thick and
less than 3000 feet deep, the in-place resource drops to 26
billion barrels. An interval averaging 35 GPT, with a maxi-
mum thickness of 55 feet, contains an in-place oil resource of
76 billion barrels. Where this interval is at least 5 feet thick
and less than 3000 feet deep, the total in-place resource drops
to 61 billion barrels. The 25 GPT zone and the 15 GPT zone
contain unconstrained resources of 147 billion barrels and

292 billion barrels, respectively. The maximum thickness of
25 GPT rock is about 130 feet, whereas the maximum thick-
ness of 15 GPT rock is about 500 feet. Where these two
intervals are at least 5 feet thick and less than 3000 feet deep,
the 25 GPT resource drops to 111 billion barrels and the 15
GPT resource drops to 228 billion barrels.

The 25 GPT resource calculated for U.S. Bureau of Land
Management (BLM) lands that could be considered for com-
mercial oil-shale leasing is approximately 69 billion barrels,
roughly 50% of Utah’s total oil-shale resource. The remain-
ing resource is located on tribal (20%), private (16%), state
trust (9%), U.S. Forest Service (3%), and protected land
(2%) such as state wildlife reserves, national wildlife
refuges, state sovereign lands, and state parks. Furthermore,
approximately 25% of Utah’s oil-shale resource lies within
existing oil or gas fields, creating resource conflict issues
that will need to be addressed as conventional and uncon-
ventional resources are developed.

After placing several constraints on Utah’s total in-place
oil-shale resource, we determined that approximately 77 bil-
lion barrels of oil could be considered as a potential eco-
nomic resource. This estimate is for deposits that are at least
25 GPT; at least 5 feet thick; under less than 3000 feet of
cover; not in conflict with current conventional oil and gas
resources; and located only on BLM, state, private, and trib-
al lands.

INTRODUCTION AND BACKGROUND

In the 1960s, the U.S. Department of Interior started an
aggressive program to describe and estimate the Green River
Formation oil-shale resource. The dramatic increase in
petroleum prices resulting from the Organization of the
Petroleum Exporting Countries (OPEC) oil embargo of 1973
triggered a second resurgence of oil-shale research during the
1970s and early 1980s. When oil prices plummeted in the
mid-1980s, so did research associated with oil shale. With
recent crude oil prices again rising to new heights, and as
conventional crude oil supplies continue to diminish, interest
in unconventional fuel sources such as oil shale has been re-
newed.

The largest known oil-shale deposits in the world are in
the Eocene Green River Formation, which covers portions of
Utah, Colorado, and Wyoming (figure 1). Lacustrine sedi-
ments of the Green River Formation were deposited in two
large lakes that occupied a 25,000-square-mile area in the
Piceance, Uinta, Green River, and Washakie sedimentary
basins. Fluctuations in stream inflow caused large expan-
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Figure 1. Oil-shale resource areas of Utah, Colorado, and Wyoming (adapted from Bartis and others, 2005, and Bunger and others, 2004).

sions and contractions of the lakes, as evidenced by wide-
spread intertonguing of marly lacustrine strata with beds of
land-derived sandstone and siltstone. During arid times, the
lakes contracted in size and the lake waters became increas-
ingly saline and alkaline (Dyni, 2003). The warm alkaline
waters provided excellent conditions for the abundant growth
of cyanobacteria (blue-green algae), which is thought to be
the major precursor of the organic matter in the oil shale
(Dyni, 2003). The organic matter preserved in the shale is
called kerogen, which when heated can produce crude oil
and natural gas. Figure 2 shows a stratigraphic section of the
Parachute Creek Member of the upper Green River Forma-
tion in the Uinta Basin, Utah as it appears in corehole U044
(section 22, T.9 S.,R. 23 E., Salt Lake Base Line and Merid-
ian [SLBLM]). The section with the richest oil shale is
named the Mahogany zone (R-7), where individual beds,
such as the Mahogany bed, can exceed 70 gallons of oil per
ton of rock and the entire zone is commonly over 100 feet
thick.

The entire length of the Mahogany zone outcrop has
been mapped at the 1:100,000 and/or 1:24,000 scale and
defines the southern boundary of the study area. The south-
eastern extent of the outcrop was digitized from 14 7.5-
minute quadrangles, and the remaining sections of outcrop
were digitized from three 30' x 60' geologic maps. The 14
7.5-minute quadrangles are Agency Draw NE (Pipiringos,
1979), Agency Draw NW (Cashion, 1984), Bates Knolls
(Pipiringos, 1978), Burnt Timber Canyon (Keighin, 1977a),
Cooper Canyon (Keighin, 1977b), Davis Canyon (Pantea,

1987), Dragon (Scott and Pantea, 1985), Flat Rock Mesa
(Pantea and Scott, 1986), Nutters Hole (Cashion, 1994),
Rainbow (Keighin, 1977c), Southam Canyon (Cashion,
1974), Walsh Knolls (Cashion, 1978), Weaver Ridge (Cash-
ion, 1977), and Wolf Point (Scott and Pantea, 1986). The 30'
x 60" maps are the Huntington (Witkind, 1988), Price (Weiss
and others, 1990), and Westwater (Gualtieri, 1988).

Estimates of the in-place oil-shale resource within the
entire Green River Formation range from 1.5 trillion (Smith,
1980; Dyni, 2003) to 1.8 trillion barrels (Culbertson and Pit-
man, 1973; U.S. Federal Energy Administration, 1974). His-
torical estimates of the Utah portion of this resource vary
from 165 billion barrels (Smith, 1980) to 214 billion barrels
(Trudell and others, 1983) to 321 billion barrels (Cashion,
1964). Colorado and Wyoming are thought to contain 1.0
trillion and 300 billion barrels, respectively (Smith, 1980;
Pitman and others, 1989; Culbertson and others, 1980;
Trudell and others, 1973). These in-place resource estimates
are based on oil shale with a minimum grade of 15 gallons
per ton with no constraints on overburden thickness, which
in Utah can reach over 9000 feet. In addition, these in-place
resource numbers should not be compared to conventional
oil reserves, as is often the case (a resource is the total
amount of a particular commodity available in the ground, a
reserve is the amount of that commodity that can be eco-
nomically recovered). No commercial technology is cur-
rently available to extract oil from oil shale; therefore, accu-
rate reserve numbers can not be calculated.

With previous Utah-based studies typically only utiliz-
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Figure 2. Stratigraphy of the Parachute Creek Member of the upper Green River Formation illustrated by bulk density, sonic, and oil-yield plots from
well U044 (section 22, T. 9 S., R. 23 E., SLBLM). “R” refers to a rich oil-shale zone and “L” refers to a lean oil shale zone (stratigraphic nomen-
clature for oil-shale zones derived from Donnell and Blair, 1970, and Cashion and Donnell, 1972).



ing oil-shale-specific wells drilled in Uintah County, earlier
resource estimates had to rely heavily on extensive extrapo-
lation into areas having no drill holes or oil-yield analyses.
In addition, each study looked at different oil-shale horizons.
For example, Trudell and others (1983) looked at oil shale
only within and above the Mahogany zone, while significant
resources are also available in the shales below this horizon
(figure 2).

Roughly 180 oil-shale-specific wells were drilled
between 1954 and 1983 and their cores were analyzed for oil
yield using the modified Fischer assay technique, as
described by Stanfield and Frost (1949) and later adopted by
the American Society for Testing and Materials (1980). This
method was developed primarily for evaluating the Green
River oil-shale resources. Generally, the assays of drill cores
were made on crushed samples prepared from one- or two-
foot lengths of quartered core. A complete database of Fis-
cher assays for wells from the state of Utah can be found in
Vanden Berg and others (2006). These wells were typically
located in central to southern Uintah County, typically near
the well-mapped outcrop of the Mahogany zone, the richest
oil-shale horizon. A few wells, drilled farther west and north,
reached the Mahogany zone at more than 2000 feet below the
surface.

Fischer assays were also performed on rotary cuttings
from oil and gas wells averaged over 10-foot intervals. How-
ever, these data are unreliable due to contamination by mix-
ing of cuttings, contamination from borehole cave-ins, and
depth errors resulting when the samples were inaccurately
lagged for travel time up the borehole. Also, with averages
over such a wide spacing, accurate zone thicknesses could
not be calculated, especially for the 50 GPT zone. Because
these data are generally unreliable and typically underesti-
mate the resource, assays from rotary cuttings were not used
in this study.

METHODS
Resource Calculations and Isopach Maps

The first step in creating a basin-wide oil-shale resource
assessment was to determine how geophysical logs from
hundreds of oil and gas wells in the region could be related
to the oil yield of oil shale. Previous researchers determined
that bulk density logs display an excellent inverse correlation
to oil yield obtained using the modified Fischer assay tech-
nique; the more kerogen-rich the oil shale, the less dense the
material (Bardsley and Algermissen, 1963; Tixier and Curtis,
1967; Smith and others, 1968; Dyni and others, 1991) (fig-
ures 2 and 3, table 1). A sonic log also shows a correlation
with oil yield, albeit not as significant as bulk density, dis-
playing higher travel times in the less dense, kerogen-rich
intervals (figures 2 and 3, table 1). To characterize these cor-
relations, UGS digitized old paper copies of bulk density and
sonic logs from oil-shale wells that also had core-based oil
yields determined by Fischer assay. The core-based Fischer
assays were typically performed on a one-foot spacing, with
half-foot spacing in the highest yielding zones and up to
three-foot spacing in the leaner zones. Bulk density logs
from 14 wells and sonic logs from nine wells were digitized
using Neuralog software. Several other wells having both
density or sonic logs and oil-yield data were available; how-
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ever, many logs lacked identifiable scaling, while other wells
contained large data gaps within the oil-yield analyses. After
digitizing the logs at half-foot intervals, cross-plots were
generated relating the bulk density or sonic measurements
with oil yields after they were fitted to the same half-foot
depth scale. Next, the cross-plots were analyzed using a sim-
ple linear regression model (table 1). In some cases, the log
data needed to be manually shifted along the depth scale to
match with the corresponding intervals measured for oil
yield. This was done by visually comparing the two curves
and matching various peaks and zones. In addition, spurious
data spikes were eliminated from the Fischer assays and the
digital logs.

After analyzing the individual regressions, we discarded
wells having poor results, typically R? values less than 0.7
for density logs and less than 0.6 for sonic logs. This left a
total of eight wells relating bulk density to oil yield, with
Mahogany bed depths ranging from 100 to 2650 feet, and
four wells relating sonic to oil yield, with Mahogany bed
depths ranging from 660 to 2230 feet (table 1).

Since both variables, the geophysical and oil-yield logs,
are subject to measurement errors, we decided to apply a
reduced-major-axes fit to a combination of all the data. This
was done separately for both the bulk density and sonic logs
creating an equation for each (figure 3, table 1). This method
provided two robust equations that could be applied to other
wells with density or sonic logs located throughout the basin
and at various depths. The equation for relating bulk densi-
ty to oil yield in gallons per ton was determined to be:

(1) oil yield = -80.894p + 203.996

were p equals the bulk density value in grams per cubic cen-
timeter (g/cm3). The equation for relating sonic logs to oil
yield in gallons per ton was determined to be:

2 oil yield = 0.766At — 49.237

were AT equals travel time in microseconds per foot (us/ft).
Dyni and others (1991) argued that the regression was slight-
ly improved for the sonic logs with a second-degree poly-
nomial equation. However, this study found that a second-
degree polynomial, even though the R2 was slightly higher,
calculated oil yields notably higher than nearby wells with
Fischer assay analyses. The simpler linear equation shown
above (2) was determined to be more robust.

After the equations relating oil yield to geophysical log
were created, oil and gas wells with these particular logs had
to be found throughout the Uinta Basin. The goal was to try
to find at least one well per township, while adding addition-
al wells in areas of particular interest. One difficulty was
finding wells with log data for the oil-shale-bearing portion
(i.e., Mahogany zone) of the Green River Formation. Since
many oil and gas wells in the basin have targets far below
this formation, several companies simply did not log the
upper part of the borehole. After an extensive search, 186
wells, 167 with adequate bulk density logs and 19 with ade-
quate sonic logs, were chosen (see appendix). Since density
logs display a better correlation with oil yield, preference
was given to those logs. Wells with sonic logs were used to
fill in data gaps. Unfortunately, only image files of these
logs exist, at least in the public domain, so all logs had to be
manually digitized using NeuralLog software.
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Figure 3. Reduced-major-axes regression relating bulk density and sonic log readings to oil yield.

With the creation of digitized geophysical logs in which
data were recorded on a half-foot spacing, the above equa-
tions could be systematically applied to create calculated oil-
yield logs for all 186 wells. In cases of particularly high den-
sity or particularly low sonic values, the equations predicted
negative yield values. These negative intervals were adjust-
ed to equal zero gallons per ton.

The next step was to calculate the thickness of continu-
ous intervals of oil shale averaging 15, 25, 35, and 50 gallons
per ton. These intervals were determined for all 186 oil and
gas wells with calculated assay data, as well as 107 oil-shale-
specific wells with assays derived from core, for a total of
293 wells. These continuous zones were calculated starting
at the Mahogany bed, adding assay values above or below
until the desired average oil yield was found (see appendix).
In some cases, the depth interval measured by the log or Fis-
cher assay was limited, and a total thickness for the 15 and/or

25 GPT zone could not be found. When this occurred, the
thickness was estimated using a ratio of the thicknesses of
the 25/15 GPT zones, or the 35/25 GPT zones, from a near-
by well. These estimated values are indicated by italic font
in the appendix.

Using ArcGIS software, isopachs for the thickness of
each richness zone were plotted using a spline fit with ten-
sion. In some cases, individual thickness values were edited
to remove spurious “bulls-eyes” from the isopachs; these
edited values are indicated in italic font in the appendix. The
northern boundary of the isopachs is simply the extent of the
available data, whereas the southern boundary is delineated
by the outcrop of the Mahogany zone. The area mapped was
divided into the smallest thickness intervals possible—0.1
feet for the 50 GPT zone, 0.25 feet for the 35 GPT zone, 0.5
feet for the 25 GPT zone, and 2.5 feet for the 15 GPT zone —
and the sub-areas underlain by each thickness interval were
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Table 1. Equations used to calculate oil shale richness from density and sonic logs.

USGS # Bulk Density Log Sonic Log
Individual RMA equation| Individual RMA equation

regression equation R? relating all data regression equation R? relating all data
U153 y=-90.69x +223.95 0.76
U061 y=0.76x - 48.33 0.69
U065 y=-67.24x + 177.41 0.73 y=0.73x - 45.50 0.69
U059 y=-66.83x + 173.24 0.71
U092 y=-75.72x + 193.14 0.73 y=-80.894x +203.996 y=0.766x - 49.237
U085 y=-70.72x + 183.35 0.74 y=0.61x - 34.97 0.64
U044 y=-85.50x + 213.46 0.84 y=0.63x - 38.29 0.77
U102 y=-68.92x + 178.22 0.73
U045 y=-87.17x +209.63 0.87
USGS # Mahogany Bed| Twn Rng Sec Mrd UTME UTM N

Depth to
bed (ft)

U153 100[ 128 24E 25 SL 656186 4401431
U061 659 10S 24E 14 SL 655055 4424178
U065 696 10S 25E 19 SL 657974 4422591
U059 719 10S 25E 19 SL 659426 4421812
U092 1027 9S 25E 16 SL 661008 4432488
U085 1965 9S 24E 32 SL 649994 4427496
U044 2236 9S 23E 22 SL 644158 4431449
U102 2313 9S 2IE 26 SL 627029 4429992
U045 2646 9S 22E 1 SL 637424 4436007

RMA = Reduced Major Axes, Twn = Township, Rng = Range,

Sec = Section, Mrd = Meridian, SL = Salt Lake Base Line and Meridian

calculated using the ArcGIS program. To estimate the oil-
shale resource, rock volumes were calculated by multiplying
the area of a given polygon by its average thickness. The
thinner the thickness interval mapped, the more precise the
estimated volume and the more precise the resource calcula-
tion because a more accurate thickness is applied to each
area. Next, the average density (see figure 3) of the given
richness was used to calculate the weight of oil shale in tons,
which then could be converted to a resource estimate in bar-
rels of in-place oil by multiplying the tons by the assayed or
estimated oil yield (in GPT). All calculated resource num-
bers for each richness zone, separated into various thickness
bins, can be found in table 2a. Maps displaying the isopach
data, separated into corresponding thickness intervals, are
displayed in plates 1, 2, 3, and 4.

Overburden Thickness

Plates 1, 2, 3, and 4 also display overburden contours
indicating the depth to the top of the individual richness
zones. These contours were created by subtracting the
footage below the surface to the top of the richness interval
from the surface elevation of the well to arrive at the eleva-
tion of the oil-shale horizon of interest. A structure contour
map was generated in ArcGIS displaying the surface of each
richness interval in feet above sea level. This structure con-
tour map was then subtracted from a digital elevation model
of the Uinta Basin providing accurate overburden thickness
contours. A few estimated data points were added in areas
having little or no oil-shale data as a means to provide more
geologically accurate overburden contours, particularly near
the outcrop. Overburden thickness equals zero at the outcrop
in the southern and eastern portions of the basin and gradu-
ally increases in thickness, up to 9000 feet, to the north.

Economic Constraints

After total in-place resource estimates were calculated,

several constraints were imposed on the total endowment to
offer a more realistic impression of the potentially economic
oil-shale resource. We assumed that mining, underground
and/or surface mining, would generally not occur where the
resource is less than 5 feet thick for 25, 35, and 50 GPT rock
or less than 15 feet thick for 15 GPT rock. Also, we assumed
that mining would not occur where overburden is more than
3000 feet. In addition, since all land will likely not be avail-
able for oil-shale extraction, resource numbers were calcu-
lated by landownership. Finally, we assumed that conven-
tional oil and gas and oil-shale deposits will not be simulta-
neously produced, so oil-shale resources for lands outside
and within current conventional oil and gas fields were also
calculated. These constrained resource estimates are avail-
able in tables 2, 3, and 4 and are described in more detail be-
low.

Constraints based on in-situ processing were not consid-
ered since a proven in-situ technique has not been developed.
Shell’s In-situ Conversion Process (ICP), currently being
tested in western Colorado’s Piceance Basin, is targeting oil
shale from a zone between 1000 to 2000 feet thick that aver-
ages roughly 30 to 35 GPT (Shell Oil Company, 2008).
Utah’s 35 GPT zone reaches only 55 feet in thickness, dra-
matically thinner than oil-shale resources in Colorado. Other
types of in-situ processes might be more adaptable to Utah’s
thinner deposits in the future, but currently, all in-situ
demonstration projects are in the thick deposits of Colorado’s
Piceance Basin.

RESULTS

Total In-Place Resource

A continuous section of oil shale averaging 50 GPT in
the Uinta Basin of Utah contains approximately 31 billion
barrels of in-place oil, including approximately 23 billion
barrels in deposits between 5 and 20 feet thick (table 2a).
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The 50 GPT interval is contained entirely within the
Mahogany zone and is centered on the Mahogany bed (R-7,
see figure 2). The thickest deposits, 15 to 20 feet, of 50 GPT
rock are located in T. 10 S., R. 22-24 E., SLBLM, as well as
the northern sections of T. 11 S., R. 24-25 E. and the eastern
sections of T. 9 S.,R. 21 E. (plate 1). The top of the 50 GPT
zone in these areas ranges in depth from 450 to 2500 feet.
Potentially economic thicknesses, at least 5 to 10 feet, of 50
GPT rock are near the outcrop on the eastern side of the study
area. In addition to the large resource in the eastern part of
the basin, a long finger of rich oil shale ranging in thickness
from 5 to 10 feet extends westward through the southern por-
tion of Duchesne County. These deposits range from 2000 to
3000 feet below the surface. Oil-shale deposits averaging 50
GPT and located less than 3000 feet below the surface con-
tain approximately 26 billion barrels of oil, including 20 bil-
lion barrels found in deposits between 5 and 20 feet thick
(table 2b).

A continuous section of oil shale averaging 35 GPT con-
tains approximately 76 billion barrels of in-place oil, includ-
ing 73 billion barrels in deposits ranging between 5 and 55
feet thick (table 2a). The 35 GPT interval is also contained
entirely within the Mahogany zone, centered on the
Mahogany bed. The thickest interval, 40 to 55 feet, is locat-
edinT.9S.,R.21-23 E.,,SLBLM, and T. 10 S.,R. 21-24 E.

(plate 2). The top of the 35 GPT zone in this area ranges in
depth from 800 to 2500 feet. Again, reasonably thick de-
posits, 10 to 40 feet, are located near outcrop along the east-
ern extent of the study area. Similar to the 50 GPT zone, the
35 GPT zone exhibits a long finger extending westward
through the southern part of Duchesne County. This zone
reaches 38 feet thick and is located under depths ranging
from outcrop to 2500 feet. Oil-shale deposits averaging 35
GPT and located less than 3000 feet below the surface con-
tain approximately 61 billion barrels of oil, including 59 bil-
lion barrels found in deposits between 5 and 55 feet thick
(table 2b).

A continuous section of oil shale averaging 25 GPT con-
tains approximately 147 billion barrels of in-place oil,
including 146 billion barrels in deposits 5 to 130 feet thick
(table 2a). The 25 GPT interval is typically within the
Mahogany zone; however, in some cases the 25 GPT zone
includes part of the A- or B-grooves (figure 2). The thickest
interval, 100 to 130 feet, of 25 GPT rock is located in T.9 S.,
R.21-24 E., SLBLM, T. 10 S., R. 22-24 E., and other small
areas within T. 8 S., R. 20-23 E. (plate 3). The top of these
deposits ranges in depth from 750 to roughly 3500 feet. Near
the outcrop, on the eastern side of the basin, deposits averag-
ing 25 GPT are 40 to 100 feet thick. In southern Duchesne
County, the 25 GPT zone ranges up to 60 feet thick with

Table 2a. The Uinta Basin's total Green River Formation oil-shale resource, grouped by grade and thickness.

50 GPT

Thickness (ft) 0-5 5-10 10-15 15-20

Total volume (billion ) 112.8 198.6 90.8 29.1

Average density 1.90 g/cm3 (0.0593 tOnS/ft“)

Billion tons 6.7 11.8 5.4 1.7

Billion barrels 8.0 14.1 6.4 2.1

Total resource (billion barrels) 30.5

35 GPT

Thickness (ft) 0-5 5-10 10-20 20-30 30-40 40-55

Total volume (billion ft’) 58.6 1559 447.8 326.4 269.7 142.6

Average density 2.09 g/cm® (0.0652 tons/ft’)

Billion tons 3.8 10.2 29.2 21.3 17.6 9.3

Billion barrels 3.2 8.5 24.3 17.7 14.7 7.7

Total resource (billion barrels) 76.1

25 GPT

Thickness (ft) 0-5 5-20 20-40 40-60 60-80 80-100 100-130
Total volume (billion ft) 37.6 366.6 944.1 765.0 454.6 569.7 448.0
Average density 2.21 g/em® (0.0690 tons/ft’)

Billion tons 2.6 253 65.2 52.8 31.4 39.3 309
Billion barrels 1.5 15.1 38.8 31.5 18.7 23.4 18.4
Total resource (billion barrels) 147.4

15 GPT

Thickness (ft) 0-15 15-100 100-200 200-300 300-400 400-500

Total volume (billion ft’) 130.7 3178.8 2776.4 1568.2 2650.3 916.7

Average density 2.34 g/lem® (0.0730 tons/ft’)

Billion tons 9.5 231.8 202.5 114.4 193.3 66.9

Billion barrels 3.4 82.8 72.3 40.8 69.0 23.9

Total resource (billion barrels) 292.3

Note: Totals may not equal sum of components because of independent rounding

GPT = gallons of shale oil per ton of rock (42 gallons/barrel)



Utah Geological Survey

Table 2b. The Uinta Basin's total Green River Formation oil-shale resource with less than 3000 feet of
overburden, grouped by grade and thickness.

50 GPT

Thickness (ft) 0-5 5-10 10-15 15-20

Total volume (billion ft’) 82.1 172.1 80.1 29.1

Average density 1.90 g/em® (0.0593 tons/ft’)

Billion tons 4.9 10.2 4.8 1.7

Billion barrels 5.8 12.2 5.7 2.1

Total resource (billion barrels) 25.7

35 GPT

Thickness (ft) 0-5 5-10 10-20 20-30 30-40 40-55

Total volume (billion ft’) 32.1 75.0 366.4 280.9 2284 141.5

Average density 2.09 g/cm® (0.0652 tons/ft’)

Billion tons 2.1 4.9 239 18.3 14.9 9.2

Billion barrels 1.7 4.1 19.9 153 12.4 7.7

Total resource (billion barrels) 61.1

25 GPT

Thickness (ft) 0-5 5-20 20-40 40-60 60-80 80-100 100-130
Total volume (billion ft’) 28.7 192.0 659.5 601.4 363.0 480.5 414.0
Average density 2.21 g/em® (0.0690 tons/ft’)

Billion tons 2.0 13.3 45.6 41.5 25.1 332 28.6
Billion barrels 12 7.9 27.1 24.7 14.9 19.8 17.0
Total resource (billion barrels) 112.6

15 GPT

Thickness (ft) 0-15 15-100 100-200 200-300 300-400 400-500

Total volume (billion ft’) 105.0 1890.7 1986.1 1227.1 2640.0 916.7

Average density 2.34 g/lem’® (0.0730 tons/ft’)

Billion tons 7.7 137.9 144.8 89.5 192.5 66.9

Billion barrels 2.7 49.2 51.7 32.0 68.8 239

Total resource (billion barrels) 228.3

Note: Totals may not equal sum of components because of independent rounding

GPT = gallons of shale oil per ton of rock (42 gallons/barrel)

deposits roughly 500 to 3000 feet deep. Deposits averaging
25 GPT that are located less than 3000 feet below the surface
contain approximately 113 billion barrels of oil, including
111 billion barrels found in deposits between 5 and 130 feet
thick (table 2b).

Finally, a continuous section of oil shale averaging 15
GPT contains approximately 292 billion barrels of in-place
oil, including 289 billion barrels available in deposits greater
than 15 feet thick (table 2a). This resource estimate is 10%
lower than Cashion’s 1964 in-place oil-shale resource esti-
mate of 321 billion barrels for deposits containing at least 15
GPT at a minimum thickness of 15 feet. The availability of
more drill hole data allows the new estimate to be more reli-
able than Cashion’s (1964) estimate by identifying the areas
of thick, rich oil shale more precisely. The 15 GPT interval
includes all or parts of the R-6, B-Groove, R-7 (Mahogany
Zone), A-Groove, and R-8 oil-shale zones (see figure 2). The
thickest intervals, 400 to 500 feet, are primarily located in T.
9S.,R.21-25 E.,SLBLM, and T. 10 S., R. 23-24 E. where
depths to the top of the zone range between 600 and 2300
feet (plate 4). Deposits near the eastern outcrop range from
100 to 400 feet thick. Deposits averaging 15 GPT that are
less than 3000 feet below the surface contain approximately

228 billion barrels of oil, including 226 billion barrels in
deposits between 15 and 500 feet thick (table 2b).

Resource by Landownership

Table 3 shows a breakdown of the Uinta Basin’s oil-
shale resource by landownership. Roughly 50% of oil shale
is located on lands administered by the BLM. Tribal, private,
state trust, and U.S. Forest Service lands hold the next-largest
resource with about 20%, 16%, 9%, and 3% of total, respec-
tively (average for all grades). The remaining 2% is locked
up in protected lands such as state wildlife reserves, national
wildlife refuges, state sovereign lands (mostly land under the
Green River), and state parks. In addition, less than 1% of
the Uinta Basin’s oil-shale resource lies over the border in
Colorado.

Plate 5 shows 25 GPT isopach contours displayed over
top of landownership. The thickest interval of 25 GPT rock,
between 100 and 130 feet thick, is located primarily on BLM
land and contains 13.5 billion barrels or 73% of the resource
at this thickness and richness. Several state blocks and large
areas of private land are located near the eastern outcrop of
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Table 3. The Uinta Basin's total Green River Formation oil-shale resource grouped by grade, thickness, and landownership.
50 GPT (resource numbers in billion barrels)
Thickness (feet) 0-5 5-10 10-15 15-20 Total % of Total
U.S. Bureau of Land Management 2.7 7.1 4.1 1.6 15.4 50.5%
Indian Reservation 1.8 3.1 0.9 0.2 6.0 19.7%
Private 1.8 1.7 0.6 0.1 4.2 13.8%
State Trust Lands 0.5 1.2 0.8 0.2 2.7 8.9%
U.S. Forest Service 0.9 0.5 0.0 0.0 1.4 4.6%
State Wildlife Reserve - Management area 0.2 0.3 0.0 0.0 0.5 1.6%
U.S. Fish & Wildlife - National Wildlife Refuge * * * 0.0 0.1 0.3%
State Soveriegn Lands * * * 0.0 0.1 0.3%
State Parks and Recreation * 0.0 0.0 0.0 * --
Colorado Portion 0.1 * 0.0 0.0 0.1 0.3%
Total resource 8.0 14.0 6.4 2.1 30.5
35 GPT (resource numbers in billion barrels)
Thickness (feet) 0-5 5-10 10-20 20-30 30-40 40-55 Total % of Total
U.S. Bureau of Land Management 0.9 1.8 9.9 11.4 8.5 53 37.7 49.5%
Indian Reservation 0.7 2.0 5.7 23 3.0 0.9 14.7 19.3%
Private 1.1 3.4 35 1.7 1.8 0.1 11.6 15.2%
State Trust Lands 0.2 0.2 1.7 1.7 1.3 1.4 6.6 8.7%
U.S. Forest Service 0.2 0.7 2.4 0.0 0.0 0.0 33 4.3%
State Wildlife Reserve - Management area 0.1 0.2 0.8 0.2 0.0 0.0 1.3 1.7%
U.S. Fish & Wildlife - National Wildlife Refuge * * * * 0.1 0.0 0.2 0.3%
State Soveriegn Lands * * * 0.1 0.1 0.0 0.2 0.3%
State Parks and Recreation * * 0.0 0.0 0.0 0.0 0.1 0.1%
Colorado Portion 0.0 * 0.2 0.3 0.0 0.0 0.5 0.7%
Total resource 3.2 8.5 24.3 17.7 14.7 7.7 76.1
25 GPT (resource numbers in billion barrels)
Thickness (feet) 0-5 5-20 20-40 40-60 60-80 80-100 100-130 Total % of Total
U.S. Bureau of Land Management 0.5 3.8 13.5 19.0 10.6 10.6 13.5 71.6 48.6%
Indian Reservation 0.4 32 8.8 4.4 2.8 6.6 2.1 28.3 19.2%
Private 0.4 5.4 9.7 4.0 2.3 2.9 0.6 253 17.2%
State Trust Lands 0.2 0.5 2.0 3.0 1.9 3.1 2.0 12.6 8.5%
U.S. Forest Service 0.1 1.5 3.5 0.0 0.0 0.0 0.0 5.0 3.4%
State Wildlife Reserve - Management area * 0.5 1.1 0.7 0.0 0.0 0.0 2.3 1.6%
U.S. Fish & Wildlife - National Wildlife Refuge * * 0.1 0.1 * 0.1 0.2 0.5 0.3%
State Soveriegn Lands * * * 0.1 0.1 0.1 * 0.3 0.2%
State Parks and Recreation * 0.2 0.1 0.0 0.0 0.0 0.0 0.3 0.2%
Colorado Portion 0.0 0.0 * 0.2 1.0 0.0 0.0 1.3 0.9%
Total resource 1.5 15.1 38.8 31.5 18.7 23.4 18.4 147.4
15 GPT (resource numbers in billion barrels)
Thickness (feet) 0-15 15-100 100-200 200-300 300-400 400-500 Total % of Total
U.S. Bureau of Land Management 1.0 26.0 40.8 22.0 39.9 18.5 148.0 50.6%
Indian Reservation 1.2 17.8 11.3 9.3 12.0 1.0 52.6 18.0%
Private 0.6 259 12.0 35 6.9 0.6 49.5 16.9%
State Trust Lands 0.4 3.9 6.3 33 8.9 3.8 26.6 9.1%
U.S. Forest Service 0.2 6.2 0.0 0.0 0.0 0.0 6.4 2.2%
State Wildlife Reserve - Management area * 2.3 1.3 0.0 0.0 0.0 3.7 1.3%
U.S. Fish & Wildlife - National Wildlife Refuge * 0.2 0.2 0.5 0.0 0.0 0.9 0.3%
State Soveriegn Lands * * 0.3 0.2 0.0 0.0 0.5 0.2%
State Parks and Recreation 0.0 0.5 0.0 0.0 0.0 0.0 0.5 0.2%
Colorado Portion 0.0 0.0 0.1 2.1 1.4 0.0 3.6 1.2%
Total resource 34 82.8 72.3 40.8 69.0 239 292.3

Note: Totals may not equal sum of components because of independent rounding

GPT = gallons of shale oil per ton of rock (42 gallons/barrel)

* Amounts less than 50 million barrels
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the Mahogany zone and contain a resource that averages
between 40 and 100 feet thick at 25 GPT.

Resource Conflict with Conventional
QOil and Gas Fields

A significant portion of the Uinta Basin’s oil-shale re-
source, approximately 25% for each grade, is covered by
conventional oil and gas fields (table 4a and 4b). Plate 6
shows all current oil and gas fields superimposed on the 25
GPT oil-shale isopach. In particular, the extensive Natural
Buttes gas field covers a significant portion of land underlain
by oil shale averaging 25 GPT, ranging to 130 feet thick, and
under roughly 1500 to 4000 feet of cover. Furthermore, this
field is expected to expand in size and cover more oil-shale-
rich lands to the east. Of the 18 .4 billion barrels contained in
25 GPT rock having thicknesses between 100 and 130 feet,
7.8 billion barrels, or 42%, are located under existing natural
gas fields (table 4a).

However, lands where the oil-shale deposits are under
less than 1000 feet of cover currently do not contain signifi-
cant oil and gas activity (except the Oil Springs gas field) as
compared to lands with deeper oil-shale resources (plate 6).
The majority of planned oil-shale operations will be located
on lands having less than 1000 feet of cover. This does not
mean that oil-shale deposits located within oil and gas fields
will be permanently off limits. In fact, most of the conven-
tional oil and gas reservoirs are located far below the
Mahogany zone. It simply demonstrates that regulators will
need to recognize that resource conflicts exist and plan their
lease stipulations accordingly.

Resource on BLM Lands Proposed for
Commercial Leasing

The BLM recently published the Final Programmatic
Environmental Impact Statement (PEIS), which finalizes the
plan that will guide the use of lands containing oil-shale
resources (U.S. Bureau of Land Management, 2008). This is
the first step towards a commercial oil-shale leasing pro-
gram. Within the PEIS, the BLM identified 630,971 acres of
public land in Utah’s Uintah and eastern Duchesne Counties
as having commercial oil-shale development potential (plate
7). These lands are bounded on the north by the 3000-foot
overburden contour and bounded on the south by the outcrop
of the Mahogany zone. Lands excluded from future leasing
include but are not limited to Wilderness Areas, Wilderness
Study Areas, river corridors, and lands potentially eligible for
Wild and Scenic River status.

We determined that the oil-shale resource on BLM lands
proposed for commercial leasing in Utah equals approxi-
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mately 69 billion barrels at the 25 GPT richness level (table
5). Nearly the entire resource at 25 GPT is between 20 and
130 feet thick. This resource includes roughly 11 billion bar-
rels contained in deposits on the Hill Creek Extension of the
Uintah and Ouray Tribal Lands, of which the surface rights
are owned by the Ute Indian Tribe.

Potential Economic Resource

To calculate a more realistic resource estimate for oil-
shale deposits located in the Uinta Basin of Utah and Col-
orado, the UGS applied several constraints to the overall
total in-place resource numbers. These constraints are sub-
jective since commercial oil-shale technologies on which to
base them do not exist. The constraints used were:

1) deposits having a richness of at least 25 GPT,

2) deposits that are at least 5 feet thick,

3) deposits under less than 3000 feet of cover,

4) deposits that are not in direct conflict with cur-
rent conventional oil and gas operations, and

5) deposits located only on BLM, state trust, pri-
vate, and tribal lands.

With the above-mentioned constraints, the Uinta Basin’s
potential economic oil-shale resource equals approximately
77 billion barrels (table 6). Plate 8 shows the area within the
basin of these constrained resources. This is roughly 26% of
the total unconstrained resource calculated at 15 GPT of 292
billion barrels and 52% of the total unconstrained resource
calculated at 25 GPT of 147 billion barrels, and is a more
realistic estimate of potential recoverable resource. How-
ever, this number should not be used as an estimate of recov-
erable reserves, which cannot be calculated until a proven
commercial technology is developed.
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Table 4a. The amount of Uinta Basin oil-shale resource within existing conventional oil and gas fields.

50 GPT (resource numbers in billion barrels)

Thickness (feet) 0-5 5-10 10-15 15-20 Total % of Total
Located within a current oil or gas field 1.3 32 22 0.8 7.5 24.6%
Located outside a current oil or gas field 6.7 10.9 4.2 1.2 23.0 75.4%
Total resource 8.0 14.0 6.4 2.1 30.5

35 GPT (resource numbers in billion barrels)

Thickness (feet) 0-5 5-10 10-20 20-30 30-40 40-55 Total % of Total
Located within a current oil or gas field 0.8 22 5.0 3.3 4.4 43 19.8 26.0%
Located outside a current oil or gas field 2.4 6.3 19.4 14.4 10.3 3.5 56.3 74.0%
Total resource 3.2 8.5 24.3 17.7 14.7 7.7 76.1

25 GPT (resource numbers in billion barrels)

Thickness (feet) 0-5 5-20 20-40 40-60 60-80 80-100 100-130 Total % of Total
Located within a current oil or gas field 0.1 4.1 10.9 5.2 39 8.2 7.8 40.3 27.3%
Located outside a current oil or gas field 1.4 11.0 27.9 26.2 14.8 15.2 10.6 107.1 72.7%
Total resource 1.5 15.1 38.8 31.5 18.7 23.4 18.4 147.4

15 GPT (resource numbers in billion barrels)

Thickness (feet) 0-15 15-100 100-200 200-300 300-400 400-500 Total % of Total

Located within a current oil or gas field 0.2 25.0 12.7 11.9 26.4 6.9 83.3 28.5%

Located outside a current oil or gas field 3.2 57.8 59.6 28.9 42.6 17.0 209.0 71.5%

Total resource 34 82.8 72.3 40.8 69.0 239 292.3

Note: Totals may not equal sum of components because of independent rounding
GPT = gallons of shale oil per ton of rock (42 gallons/barrel)

Table 4b. The amount of Uinta Basin oil-shale resource within existing conventional oil and gas fields and located under less than 3000 feet of cover.

50 GPT (resource numbers in billion barrels)

Thickness (feet) 0-5 5-10 10-15 15-20 Total % of Total

Located within a current oil or gas field 0.7 2.7 22 0.8 6.4 24.9%

Located outside a current oil or gas field 5.1 9.5 3.5 1.2 19.3 75.1%

Total resource 5.8 12.2 5.7 2.1 25.7

35 GPT (resource numbers in billion barrels)

Thickness (feet) 0-5 5-10 10-20 20-30 30-40 40-55 Total % of Total

Located within a current oil or gas field 0.1 0.5 39 2.8 39 43 15.5 25.4%

Located outside a current oil or gas field 1.7 3.6 16.0 12.4 8.5 3.4 45.6 74.6%

Total resource 1.7 4.1 19.9 15.3 12.4 7.7 61.1

25 GPT (resource numbers in billion barrels)

Thickness (feet) 0-5 5-20 20-40 40-60 60-80 80-100 100-130 Total % of Total
Located within a current oil or gas field * 0.7 4.8 4.7 32 7.4 7.1 28.0 24.9%
Located outside a current oil or gas field 1.1 7.2 22.3 20.0 11.7 12.3 9.9 84.6 75.1%
Total resource 1.2 7.9 27.1 24.7 14.9 19.8 17.0 112.6

15 GPT (resource numbers in billion barrels)

Thickness (feet) 0-15 15-100 100-200 200-300 300-400 400-500 Total % of Total
Located within a current oil or gas field 0.1 7.2 9.9 9.3 26.2 6.9 59.7 26.1%
Located outside a current oil or gas field 2.6 42.0 41.8 22.6 42.5 17.0 168.6 73.9%
Total resource 2.7 49.2 51.7 32.0 68.8 23.9 228.3

Note: Totals may not equal sum of components because of independent rounding
GPT = gallons of shale oil per ton of rock (42 gallons/barrel)

*Amounts less than 50 million barrels
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Table 5. The amount of Utah's 25-GPT oil-shale resource
found on lands proposed by the BLM as having commercial
oil-shale leasing potential.

Resource within the Hill Creek

Thickness Total resource Extension sub-area’
feet billion barrels billion barrels
0-5 * 0.0
5-20 0.1 *
20-40 10.5 22
40-60 19.4 1.9
60-80 10.5 0.7
80-100 14.9 4.5
100-130 13.5 1.1
Total 69.0 10.5

'Included in total

Note: Totals may not equal sum of components because of independent rounding

GPT = gallons of shale oil per ton of rock (42 gallons/barrel)

*Amounts less than 50 million barrels

Table 6. The Uinta Basin's potential economic oil-shale resource.

Constraints: at least 25 GPT, at least 5 feet thick, under less than 3000 feet of cover,
not in conflict with conventional oil and gas operations, located only on BLM, state

trust, private, and tribal lands.

Thickness Total resource
feet billion barrels
5-20 53
20-40 18.2
40-60 19.4
60-80 11.6
80-100 12.3
100-130 9.9
Total 76.7

Note: Totals may not equal sum of components because of independent rounding
GPT = gallons of shale oil per ton of rock (42 gallons/barrel)
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Basin-wide evaluation of the uppermost Green River Formation’s oil-shale resource, Uinta Basin, Utah and Colorado
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Basin-wide evaluation of the uppermost Green River Formation’s oil-shale resource, Uinta Basin, Utah and Colorado
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